We propose a possible explanation of the recent diphoton excess reported by ATLAS and CMS collaborations, at around 750 GeV diphoton invariant mass, within the framework of E6 motivated Alternative Left-Right Symmetric Model (ALRSM), which is capable of addressing the B decay anomalies in the flavor sector, the eejj and e / p T jj excesses reported by CMS in run 1 of LHC and has the feature of high scale leptogenesis. We find that gluon-gluon fusion can give the observed production rate of the 750 GeV resonance,ñ, through a loop of scalar leptoquarks (h (c) ) with mass below a few TeV range, whileñ can subsequently decay into γγ final state via loops ofh (c) andẼ (c) . Interestingly, theẼ (c) loop can enhance the diphoton branching ratio significantly to successfully explain the observed cross section of the diphoton signal.
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I. INTRODUCTION
The CMS and ATLAS collaborations have recently announced the search results based on the first 3 fb −1 of collected data from Run 2 of the LHC at √ s = 13 TeV [1] [2] [3] .
The ATLAS collaboration has reported a 3.9 σ local (2.3 σ global) excess in the diphoton channel at the diphoton invariant mass of around 750 GeV with 3.2fb −1 integrated luminosity. This excess corresponds to about 14 events appearing in at least two energy bins, suggesting a large width ∼ 45 GeV, however more data is required to confirm the existence of this feature. The CMS collaboration has partially endorsed this result with an integrated luminosity of 2.6fb −1 . They have reported about 10 excess events in the γγ channel peaked at 760 GeV amounting to a 2.6σ local (< 1.2σ global) excess.
A new resonance coupling with the Standard Model (SM) t quark or W ± can give rise to loop diagrams with γγ final state, however, such diagrams are highly suppressed at the large γγ invariant masses and the dominant decay channels are tt or W + W − . Thus, the observation of the γγ resonance at 750 GeV (much larger than the electroweak symmetry breaking scale) presumably hints towards new physics around that mass scale. Several new physics interpretations of the diphoton signal have been proposed in the literature explaining the excess events . In light of the fact that the two collaborations have suggested signal events consistent with each other at 3σ statistical significance level, hinting towards a new physics scenario, it is important to explore the possible model framework that can naturally accommodate the diphoton signal. From a theoretical point of view, a framework explaining the diphoton excess along with other signals for new physics from the flavor sector and excesses reported in first run of LHC are particularly interesting.
The measurements of the branching fractionsB → [173] . These results corroborate the earlier measurements [174, 175] and combined together show significant enhancements over the SM expectations. On the other hand, the LHCb has reported a 2.6σ deviation from the SM expectation of the ratio of the branching fractions,
, in the invariant mass region, 1 GeV 2 ≤ M ll ≤ 6 GeV 2 , of the dilepton pair with an integrated luminosity of 3fb −1 [176] . Several scenarios involving color triplet scalar leptoquarks have been proposed explaining the above anomalies and other issues such as anomalous muon magnetic moment [177] [178] [179] [180] [181] [182] [183] [184] [185] . Thus a model framework which naturally accommodates scalar leptoquarks are particularly attractive from a flavor physics stand point.
The CMS results of search for di-leptoquark production at √ s = 8TeV and 19.6fb −1 of integrated luminosity have been reported to show a 2.4σ in the eejj channel and a 2.6σ local excess in the e / p T jj channel, also hint towards the existence of scalar leptoquarks [186] . On the other hand, in the first run of LHC, the CMS Collaboration had reported the results for the right-handed gauge boson W R search at √ s = 8 TeV and 19.7fb −1 of integrated luminosity [187] , showing a 2.8σ local excess in the eejj channel at an invariant mass of 1.8 TeV < m eejj < 2.2 TeV, hinting towards a right handed W boson with mass around ∼ 2 TeV. The Left-Right Symmetric Model (LRSM) framework with g L = g R embedded into UV completed higher gauge groups can explain such signal [188] [189] [190] [191] , while for g L = g R case the signal has been explained by taking into account the CP phases and non-degenerate masses of heavy neutrinos in Refs. [192, 193] . Other scenarios addressing the above excesses have been proposed in Refs. [194] [195] [196] [197] [198] [199] [200] [201] [202] [203] [204] [205] [206] .
One of the attractive mechanisms to explain the baryon asymmetry of the universe is the leptogenesis mechanism [207] . The seesaw mechanism [208] [209] [210] [211] [212] which naturally explains the smallness of neutrino masses, can generate a lepton asymmetry (and hence a B − L asymmetry) via heavy neutrino (Higgs triplet) decay at a high scale, which then gets converted to the baryon asymmetry of the universe via B + L violating anomalous processes in equilibrium before the electroweak phase transition. In the standard LRSM framework, the observation of a 2 TeV W R boson at the LHC will rule out the possibilities of high scale as well as TeV scale resonant leptogenesis with the standard LRSM field content due to the unavoidable fast gauge mediated B−L violating interactions [213] [214] [215] [216] [217] [218] [219] [220] . Thus a framework which can explain the 2 TeV eejj signal while simultaneously accommodate a successful leptogenesis is welcome from a cosmological point of view.
In this work, we argue that the E 6 motivated Alternative Left-Right Symmetric Model (ALRSM), first proposed by Ma (1986) [221] , provides a very attractive framework to address the diphoton excess along with the flavor anomalies reported in B decays, other LHC run 1 excesses mentioned above and high scale leptogenesis. We find that gluon-gluon fusion can account for the observed production rate of the 750 GeV resonance, through a loop of scalar leptoquarkh (c) with mass below few TeV range. The scalar resonanceñ can subsequently decay into gg and γγ final states via the loops ofh (c) and sleptonẼ (c) . Considering only scalar leptoquarks in the decay loop ofñ gives a diphoton branching ratio suppressed by a factor of 10 −3 −10 −4 , however, the contribution from theẼ (c) loop enhances the diphoton branching ratio significantly and yields the observed cross section of the diphoton signal. While this model naturally accommodates scalar leptoquarks, which can address the flavor anomalies, it can also explain the eejj and e / p T jj excess signals by the pair production of scalar leptoquarks or the resonant production of a slepton, and provide an attractive mechanism of high scale leptogenesis. Thus, ALRSM provides a very promising framework connecting the diphoton excess to the existent flavor and LHC run1 anomalies along with the possibility of explaining the observed baryon asymmetry of the universe.
The plan of rest of this paper is as follows. In section II, we briefly introduce the Alternative Left-Right symmetric framework. In section III, we explain diphoton signal fromñ decay in ALRSM and discuss the relevant bounds on scalar leptoquark and slepton masses. In section IV, we review the possible explanation of the enhancedB → D ( * ) τν decay rates, the lepton non-universality of the ratio
in ALRSM using a scalar leptoquark. We also briefly discuss the possibility of addressing eejj and e / p T jj excesses reported by the CMS in the framework of ALRSM and the possible high scale leptogenesis mechanism. In section V, we summarize and make concluding remarks.
II. ALTERNATIVE LEFT-RIGHT SYMMETRIC MODEL IN A NUTSHELL
One of the maximal subgroups of superstring inspired E 6 group is SU (3) C × SU (3) L × SU (3) R , under which the fundamental 27 representation of E 6 decomposes as 27 = (3, 3, 1) + (3 * , 1, 3
where ( charge leptoquark superfield which carries baryon number B = 1 3 and lepton number L = 1. u, d corresponds to the usual up and down quark superfields. In addition to the usual leptonic superfields, the color singlet sector hosts other exotic superfields N c , n and two isodoublets
. These new exotic fields makes the phenomenology of the low energy subgroups of E 6 very rich and interesting. The first family of superfields corresponding to the fundamental representation are assigned as
where SU (3) L operates vertically and SU (3) (R) operates horizontally. Now, the SU (3) (L,R) further break into SU (2) (L,R) × U (1) (L,R) giving three choices for assigning the isospin doublets corresponding to T, U, V isospins of Ma (1986) [221] .
In ALRSM, the superfields transforms under the sub-
The assignments of R-parity, baryon number (B) and lepton number (L) for the exotic fermions can be readily obtained from the superpotential given in Eq. (4) (4)), then ν e is exactly massless. However if N c is assigned R = +1, B = 0, L = −1, then ν e can acquire a small mass through the seesaw mechanism, which makes this case particularly intriguing from a leptogenesis point of view.
III. DIPHOTON SIGNAL FROMñ DECAY
In this section, we argue that gluon-gluon fusion can give the observed production rate of the 750 GeV resonance,ñ in our model, through a loop of scalar leptoquarks (h (c) ). Subsequently,ñ decays into gg and γγ final states via loops ofh (c) andẼ (c) . Note that, considering only scalar leptoquarks in the decay loop ofñ yields a diphoton branching ratio suppressed by a factor of 10 −3 − 10 −4 , and it is the contribution fromẼ (c) loop which enhances the diphoton branching ratio significantly to give the observed cross section of the diphoton signal. The relavant terms in the superpotential are given by
where we have dropped the generation indices for simplicity. The relevant diagrams forñ are shown in Fig.  1 . The production cross section can be conveniently parametrized in terms of the corresponding production cross section of the SM Higgs H with its mass replaced by theñ mass M H = Mñ [133] . This eliminates the factors due to higher order QCD corrections to give
where the dimensionful coupling corresponding to the λ 3 trilinear scalar term in Eq. (5) is parametrized as λ 
with f (x) given by
σ(pp → H) at √ s = 13 TeV can be obtained by boosting the √ s = 8 TeV cross section σ = 0.157pb (for M H = 750 GeV) by a factor 4.7 corresponding to increased gluon luminosity [224] . The pp →ñ production cross section in gluon fusion as function of scalar leptoquark mass and λh 3 = λhñ 3 Mñ/Mh is shown in Fig. 2 . Note that, we take the maximum value of λh 3 as 14 corresponding to the rough upper limit from perturbativity [225, 226] and θh = π/4 corresponding to maximal mixing between left and right handed scalar leptoquarks. Now, for 2Mh (Ẽ) > Mñ,ñ can not decay to two on shellh(Ẽ), giving appreciable branching ratios for γγ and gg final states. The partial widths for γγ final state are given by
where X(y) can beh (3) andẼ (5), A 0 corresponds to the loop function defined in Eq. (7) and
2 X . The corresponding decay width for gg final state can be obtained by
where K gg ∼ 2 arises from higher order QCD corrections, α s (Mñ) ≈ 0.092,Qh = −1/3. Consideringh as the only field running in the decay loop yields a branching fraction ∼ 10 −3 − 10 −4 for γγ final state. Thus, the contribution coming fromẼ running in the final decay loop plays an essential role in controlling the branching ratio to γγ final state. The branching fraction as a function of slepton mass MẼ and scalar leptoquark mass Mh is shown in Fig. 3 . In Fig. 4 , the production cross section times branching ratio σ(pp →ñ) × BR(ñ → γγ) is presented for λh 3 = λẼ 3 = 14 corresponding to the rough upper limits allowed by perturbativity for the lowest masses of scalar leptoquark (h) and slepton (Ẽ) respectively (Mh min ∼ 2Mñ and MẼ min ∼ Mñ/2) 1 [225, 226] , θh = θẼ = π/4 corresponding to maximal mixing between the left and right handed scalar leptoquarks and sleptons. The red band corresponds to the observed value of σ(pp →ñ) × BR(ñ → γγ) = 2 − 8 fb, corresponding to 95% CL upper limit on the allowed cross section at 13 TeV, consistent with cross section exclusion at 95%
1 Note that, here we have used the parametrizations λh 3 = λhñ 3 Mñ/Mh and λẼ 5 = λẼñ 5 Mñ/MẼ . CL by the absence of a signal in the CMS run 1 data. We find that slepton mass MẼ < ∼ 400 GeV is favored by the fit, while scalar leptoquark mass Mh < ∼ 2500 GeV is preferred by the diphoton excess. 
The production cross section times branching ratio σ(pp →ñ) × BR(ñ → γγ) as a function of scalar leptoquark mass Mh (for three different values of slepton mass MẼ) with λh 3 = λẼ 3 = 14, θh = θẼ = π/4. The red band corresponds to the observed value of σ(pp →ñ) × BR(ñ → γγ) = 2 − 8 fb, corresponding to 95% CL upper limit on the allowed cross section at 13 TeV.
Note that, for different generations ofñ with mass difference O(10) GeV one can address the wider peak hinted by ATLAS, given that the present statistics can not resolve these different masses. Thus, if in future if such multiple peak structure is confirmed then it will be interesting to explore this possibility.
IV. FLAVOR ANOMALIES, OTHER LHC EXCESSES AND LEPTOGENESIS IN ALRSM
In this section, we briefly summarize how ALRSM can explain the enhancedB → D ( * ) τν rates, the lepton non-universality of the ratio
, the eejj and e / p T jj excesses reported by CMS in run 1 of LHC and the possibility of high scale leptogenesis in presence of a TeV scale heavy W boson. As we will discuss below, the scalar leptoquark plays the central role in addressing these anomalies. From the superpotential given in Eq. (4) it follows that in ALRSM theB → D ( * ) τν decay rates can be enhanced by the two possible diagrams shown in Fig. 5 . The corresponding terms in the effective Lagrangian is given by
where the superpotential coupling indices are moved to superscripts and the generation indices are shown explicitly as subscripts. V is the CKM matrix. The second term of Eq. (11) can be Fiertz transformed to obtain
In the notation of Ref. [227] the relevant Wilson coefficients are given by
where the neutrinos are assumed to be of tau flavor. C 
Interestingly, the lepton non-universality of the ratio 
while the other two diagrams give negative contributions proportional to (λ 32i λ † 32j )(λ 23i λ † 23j ). A good fit to the current data of R K = Br(B [184] . Thus the contributions fromh c −h c andν −t box diagrams are essential to explain the non-universality of R K .
ALRSM can also explain both eejj and e / p T jj signals, reported by CMS during run 1 of LHC, through (i) resonant production of the sleptonẼ, which then subsequently decays into a charged lepton and a neutrino, followed by a structure similar to neutrinoless double beta decay, producing an excess of events in both eejj and e / p T jj channels [201] (ii) pair production of scalar leptoquarksh. However, given that a good fit to the diphoton signal data requires a low massẼ (MẼ < ∼ 400 GeV), the latter scenario is clearly more favorable. Finally, ALRSM can also accommodate the attractive possibility high scale leptogenesis, which can address the observed baryon asymmetry of the universe. In the conventional LRSM, the observation of a 2 TeV W R (through the confirmation of the eejj signal in W R search reported by the CMS) rules out the possibility of high scale as well as TeV scale resonant leptogenesis due to fast gauge mediated B − L violating interactions involving W R [213] [214] [215] [216] [217] [218] [219] [220] . ALRSM provides a way around this problem, where high scale leptogenesis can be obtained via the decay of the complete gauge singlet heavy Ma- ijk ∼ 10 −3 gives the observed baryon on entropy ratio n B /s ∼ 10 −10 for a maximally CP violating scenario [201] . Thus, from leptogenesis point of view also ALRSM is a very interesting framework.
V. CONCLUSIONS
We have studied the possibility of explaining the diphoton signal in E 6 motivated Alternative Left-Right Symmetric Model, capable of explaining the B decay anomalies , the eejj and e / p T jj excesses reported by CMS in run 1 of LHC and high scale leptogenesis. We found that gluon-gluon fusion can give the observed production rate of the 750 GeV resonance,ñ, through a loop of scalar leptoquarks (h (c) ) with mass below a few TeVrange.ñ can subsequently decay into gg and γγ final states via loops ofh (c) andẼ (c) . Considering only scalar leptoquarks in the decay loop ofñ yields a diphoton branching ratio suppressed by a factor of 10 −3 − 10 −4 , however, the contribution fromẼ (c) loop enhances the diphoton branching ratio significantly can explain the observed cross section of the diphoton signal. We have also discussed the possibility of explaining the enhancedB → D ( * ) τν decay rates, the lepton non-universality of the ratio R K = Br(B + → K + µ + µ − )/Br(B + → K + e + e − ), the eejj and e / p T jj excesses and high scale leptogenesis in ALRSM. If these excess signals are confirmed in future at the LHC and future B-physics experiments then ALRSM will be one of the interesting candidates for new physics beyond the Standard Model.
